We examine how men and women in mixed-gender unions change the time they allocate to housework in response to labor market promotions and terminations. Operating much like raises, such events have the potential to alter intra-household power dynamics. Using
Introduction
Meals, clean clothes, and comfortable living spaces are important 'goods' households produce. The burden of producing these goods around the world, and in Australia, falls disproportionately on women and has for some time (OECD 2011) . However, most of the material objectives of housework -such as well-fed family members, clean clothes, and comfortable living spaces -can in principle be achieved by anyone, regardless of gender. Assuming that no one enjoys doing housework, 1 the observed division of household labor is often portrayed by social scientists either as the natural outgrowth of intra-household bargaining power or as a function of distinct gender role attitudes. Prior work using proxies for power and attitudes suggests that both of these explanations play a role. Our contribution in this paper exploits rich longitudinal data from the Household, Income and Labour Dynamics in Australia (HILDA) survey that allows us to control for gender/couple-specific, observed and unobserved, time-invariant factors that are associated with both power and gender role attitudes. Controlling for these factors, we focus on how couples' housework time allocations respond to major labor market events -in particular job promotions and terminations -which potentially alter the relative balance of economic power within the household, while also influencing household heads' time availability.
Theoretical arguments in both economics and sociology imply a negative association between economic power and the time spent on housework. Empiricists typically rely on earnings or relative earnings as a proxy for power. This is the case for studies motivated by both the intra-household bargaining model (Becker 1991; Hersch and Stratton 1994; Stancanelli and Stratton 2014 ) and the collective model (Browning and Chiappori 1998) 
in economics 2
, and for studies motivated by sociologists' relative resource theory (Blood and Wolfe 1960; Shelton and John 1993; Brines 1994; Greenstein 2000; Bittman et al. 2003; Gupta and Ash 2008; Baxter and Hewitt 2013 ). Yet earnings today are a function of past investments, and those investments themselves are related to the division of household time because time is a scarce resource. In addition, using earnings as a measure of power typically requires limiting the scope of analysis to couples in which both partners report an earnings measure, opening the door to sample selection bias. A second complication is the mechanical relation between earnings and paid work time: again because time is scarce, one might naturally expect partners who work longer hours in the formal market to work fewer hours in unpaid labor. As analysis often proceeds with annual or weekly earnings, which necessarily encompass both earnings power and hours worked, distinguishing between power and time constraints is difficult. A third complication is that many housework tasks can be outsourced -for example, maids can be hired and restaurant meals can be bought -which muddies the interpretation of the proportion of time each partner spends on housework as truly reflective of his or her relative bargaining position within the relationship. Fourth, most of the literature relies on cross-sectional data to model housework time, as information on time use is rarely available in panel form. 3 To the extent that earnings today are a proxy for lifetime earnings, cross-sectional analysis will capture the effect of relative lifetime earnings on housework time. However, unobserved individual/couple-specific factors that are correlated with earnings (or any covariate) will bias cross-sectional results.
In general, many possible individual/couple-specific factors might influence housework time. Consider, for example, that the time spent on housework is a measure of an input to housework production, and different individuals may complete a given housework task in different amounts of time. If those who are more productive in the home are also more productive in the market, then they would be expected to earn higher wages, and estimates that fail to control for such differences in home productivity will overstate the impact of 1 Stancanelli and Stratton (2014) present evidence from the UK and France that cleaning, ironing, laundry, and doing dishes are in fact not very enjoyable tasks. More people enjoy cooking. The same has historically also been true in the US (Ramey 2009 ). The results in Rapoport et al. (2011) support the claim that time spent outside paid work is not pure leisure, and Connelly and Kimmel (2015) further show that on average, routine housework tasks are not enjoyed any more than paid work. 2 An alternative interpretation of a negative relation between earnings and housework time is that partners' relative wages reflect their comparative advantages, such that the partner with the highest market-based opportunity cost has a comparative advantage in performing paid as compared to unpaid labor. 3 One exception is Baxter and Hewitt (2013) . 4 adjustments and changes in relative power driven by the new information these events provide. Adding controls for paid work time then is a means of capturing the mechanical work-time adjustment component, allowing us to isolate the effect of the change in the intra-household balance of power on household time allocations. 6 Guided by our initial results, we also look for evidence of concomitant changes to the use of market-based substitutes for household time (i.e., outsourcing) when labor market events occur. Finally, we look for heterogeneity in our main effects among subsamples of the data, in particular asking whether couples with more conservative gender-role attitudes respond differently to the potentially new information provided by labor market events.
Conceptual framework
An economic approach to the problem of time allocation at the level of the whole household takes as given that every household possesses resources (i.e., adult male and adult female time), faces constraints (i.e., only 24 hours in a day, plus some need for sleep, recreation, and so on), and chooses to allocate its resources such that an objective function is maximized subject to those constraints. The form of this objective function is the subject of some debate (see Lundberg and Pollak 1996 for a partial review). Common preference or household utility models have lost ground in favor of cooperative and non-cooperative bargaining models that continue to highlight each partner's individual preferences as well as outside opportunities. Arguments in these functions typically include goods consumption and leisure time at the individual level, as well as such 'public' goods as children and household production. 7 We propose a simple framework in which households require some basic amount of goods and services that can be produced using the household couple's unpaid labor in the home 8 or, at least in part, can be contributed by others outside the couple (such as maids or restaurant chefs). We exclude childcare from our concept of housework 9 and focus on routine housework tasks that are undertaken in every household, can be competently performed by either gender, and arguably produce goods that benefit household members: doing the laundry, cooking, and cleaning. We refer to the total quantity of housework time that a household couple in combination spends as H. Of this total, a portion is contributed by the man and a portion by the woman, denoted Hm and Hf respectively, portions we will refer to subsequently as "his" time and "her" time.
Let ̅ equal the minimum amount of total housework time in hours that the household couple would need to spend to produce the foundational goods that the household requires, assuming maximally efficient production and no other source of production for these goods. In practice, ̅ will be a function of the composition and productive ability of the household (e.g., the number and ages of children present). Then, 6 Importantly, when we include controls for paid work time, we do not interpret the estimated coefficients on those controls as causal. This is because despite our inclusion of fixed effects, these estimates will still be afflicted by endogeneity to the extent that individuals simultaneously change their allocation of time to different uses for the same unobserved third-party reason (see Jenkins and O'Leary (1995) for a more detailed discussion of the endogeneity problem). Nonetheless, to the extent that the unobserved third-party factors influencing time allocations to both activities are independent of the labor market events we observe, including controls for paid work enables us to interpret the coefficients on those events as picking up something other than mechanical housework-time adjustments. 7 On a more basic level, however, the goal is presumably happiness. The role of factors such as personal beliefs and social pressure as inputs to the happiness produced by one's household environment and choices has received relatively little attention in the economics literature. 8 Throughout the paper we will use the term "household couple" to refer to the two adults -one male and one female -who together form the base of each household in our sample. 9 We exclude childcare for a variety of reasons: childcare is frequently multitasked (often with leisure), it is extremely time-consuming compared to other types of household labor, it is to some degree more efficiently performed by women (e.g., when feeding a nursing baby is involved), and it is virtually impossible to completely outsource. It also produces public goods of a very different, emotionally-laden sort (i.e., happy, functional children) than other types of household labor. Empirical work by Kimmel and Connelly (2007) yields evidence that the explanatory factors associated with childcare are in fact quite different from those associated with housework.
where O is the household time saved by outsourcing some of the production, and excess is the amount of excess time spent on housework tasks by the household couple that is not in fact needed in order to produce the required quantity of foundational goods. This excess quantity of time may arise for a number of reasons, including ignorance about efficient production methods or direct utility that is derived by one or both members of the household couple from above-minimum time spent in the production of the foundational goods (e.g., 'house pride' derived from psycho-social pressure, a sense of purposefulness derived from expanding a set amount of work to 'fill' the time available in one's schedule, or the simple enjoyment of housework activities like cooking).
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The total person-hours available in a day are fixed at ̅ for the household couple combined, and each hour can be allocated to one of a number of possible uses. For simplicity we do not attempt in this paper to examine or model all such possible uses, but rather focus on three categories of activity: housework tasks of the sort described above, paid work tasks, and everything else (including sleep, leisure, personal care activities, eating, child care, other forms of housework, and any other possible use of time). We can thus write
where L indicates paid-work ("labor") time and E indicates all other ("extra") uses of time. Combining this equation with the one above yields the full time-allocation identity at the household level of
In this set-up, just as H has a component that is attributed to the man and one that is attributed to the woman (Hm and Hf), so too are there gender-specific portions of L, E, and excess, while O is a household-level choice variable. All variables except those capped by bars are in principle choice variables, although the actual time spent on housework by each partner includes any excess time and is net of outsourcing.
An economist would assume that the allocation of housework time across partners within a household is made optimally, taking into consideration both the paid work time and the opportunity cost of each spouse's time: ceteris paribus, the spouse with more paid work time would be expected to do less housework, while the spouse with a higher opportunity cost (often proxied in economics by the wage s/he could earn in market work) would also be expected to do less housework. This latter prediction is analogous to the prediction that workers with fewer outside alternatives (i.e., lower opportunity costs) are more likely to accept lower wages from prospective employers, or that monopolists can get away with charging higher prices for lower-quality products than would be possible in a more competitive market where consumers have cheaper outside options. The role of opportunity costs could, of course, be moderated based on preferences and attitudes.
Suppose now a labor market event occurs, such as a plant closure or redundancy or a promotion. Such events often alter paid work time and, given a fixed time allocation, the household must subsequently adjust to accommodate that change for mechanical reasons -i.e., since
and since ̅ does not change, an increase (say) in L -the total labor time of the household couplemechanically implies a ceteris paribus decrease in H and/or a decrease in E. Total housework time can decrease by outsourcing more housework or by decreasing excess housework time -whether through technological improvements, reductions in psycho-social pressure, or substitution away from housework as a source of 6 utility. 11 But how is this accomplished? Specifically, which elements of the above equation are manipulated, and does the manipulation occur within person (i.e., with an increase in Lf, say, being associated with a decrease in excessf and/or Ef, but no increase in Hm) or is it distributed across the two partners?
This simple framework allows us to perform various thought experiments that illustrate how households might adjust their time allocations when one partner faces an exogenous increase or decrease to his or her paid work hours. If the household operates as a unit, is at the frontier of housework technology, and derives no utility benefit from performing housework, then an economist would predict that a change in paid work time for partner A would result in a re-distribution of housework time such that partner A does more (if paid work time falls) or less (if paid work time increases), with a compensating adjustment either to the quantity of outsourcing or to partner B's housework time allocation. If partner B's housework time allocation rises as a result, then the additional time s/he spends on housework must be taken away from some other activity. If partner B's housework time allocation falls as a result, then the time s/he previously spent on housework must be allocated to some other activity.
If by contrast one or both partners initially spend some excess time on housework, then an exogenous increase in L may be accommodated at low (or no) cost by the partner who originally spent more excess time on housework.
While capturing the important economic dimensions of time scarcity, technology, and utility, the discussion thus far does not address the intra-household power and bargaining dimensions of time use that have been the focal point of much prior work (see, for example, Grossbard-Shechtman 1984 , 2003 Hersch and Stratton 1994; Lundberg and Pollak 1996; Grossbard-Shechtman and Amuedo-Dorantes 2007) . While labor market events such as promotions and redundancies that influence paid work time necessitate a mechanical adjustment in time use, unexpected labor market events can also trigger changes in bargaining power by altering career trajectories and concomitant economic opportunities. A partner who, say via a promotion, now has more economic power within the household may be able to push a greater share of H onto his or her partner, holding paid labor time constant.
12 Following this logic, we will ask in our empirical models whether the power-relation aspect of a labor market event (e.g., a layoff that arguably reduces the relative bargaining power of the partner who was laid off, or a promotion which increases the power of the one promoted) impacts the way in which housework time allocations adjust, independently of the mechanical adjustments made due to time scarcity.
Similarly, partnerships that place economic weight on gender itself (for example, those in which partners believe that men should engage in paid work and women should take care of the house) may respond to these labor market events differently than more egalitarian-minded households. For example, women in households that view gender per se as an important input to optimal time allocation may be less able than other women to bargain for a reduction in their housework hours, even if they get promoted.
Method
We begin by presenting some basic descriptive information for our sample of Australian couples, documenting the observed gender gaps in both paid work time and housework time, and running naïve regression models of the trade-off at the household level between total work time and total housework time in our data. We then explore the extent to which the labor market events we examine are associated with changes in each type of time use, using both regression models -OLS and IV, the latter to explore the viability of using labor market events to instrument for paid work time in models of housework time -and simple differencing. Next, we estimate a series of couple-specific fixed-effects models that account for possible confounding factors and treat paid labor market events not as instruments for work time, but as exogenous shifters of economic power over and above 7 their association with work time. The fixed effects control for all individual and couple-specific, time-invariant factors influencing the time spent on housework, such as stable preferences, productivity, attitudes, and baseline power considerations. Time use will, nonetheless, change with changing needs and resources. Thus, we control for changes in household structure and composition, residence, year, and non-labor income. To distinguish between the effect of labor market events via their mechanical impact on paid work time and their effect via changes in bargaining power, we estimate specifications with and without controls for paid work time. In the context of our fixed-effects specifications, a labor market event must provide new information to the household in order to impact bargaining power, and if bargaining power does shift, then there should be a lasting effect on time allocations. We accommodate this possibility in some equations by estimating separate short-run and longrun effects. After examining HILDA's limited data on outsourcing, we explore potential heterogeneity across households in their response to labor market events, using observable aspects of households that could signal beliefs about gender roles.
Data
We use panel data drawn from the 2001-2014 waves of the Australian Household Income and Labour Dynamics in Australia (HILDA) survey (see Watson and Wooden 2012 for a description). The analysis is restricted to single-family, mixed-gender couple households (married or de facto) of working age.
13 Observations in which a partner fails to complete the self-completed questionnaire on which housework time is reported are excluded, 14 as are couples with only one year of data. Motivated by prior findings indicating the potential for different unpaid-labor dynamics depending upon whether the woman participates in the labor market (e.g., Zamora 2011), we not only present analyses separately by gender but also report most results separately for the entire analysis sample and for the subsample of household-year observations in which both partners are engaged in paid work for at least two years, referred to as the "dual-earner" sample.
Time spent on housework is collected as the response to the question, "How much time would you spend on housework (preparing meals, washing dishes, cleaning house, washing clothes, ironing and sewing) in a typical week?" 15 Observations in which either partner fails to report housework time, or in which the couple jointly reports either no time or more than 70 hours (approximately the 99th percentile), are dropped. The frequency with which individuals reply 'no time' is sufficiently uncommon (less than 0.4% for women and less than 7% for men) to make nonlinear estimation unnecessary.
Significant labor market events are defined at the person level and include either being terminated (fired or made redundant) or being promoted (defined to include changing jobs without having been terminated) within the prior year. Information on these events is not available in 2001 and is missing for another 1% of the sample. We assume no event occurs in these cases. Such errors-in-variables will have a tendency to bias our estimates toward zero. To minimize this bias, we exclude couples for whom data from only 2001 and one other year are available.
16 Table 1 presents sample statistics. Panel A shows that there are more than 30,000 observations on 4828 couples in the full sample, and more than 20,000 observations on 3652 couples in the dual-earner sample. Were we to restrict the sample to those dual-earner couples who report wages, the number of couples would decline by a further 20% and the number of observations by 30% (to 2895 couples and 13,836 observations). While there are on average 6.3 observations per couple in our full analysis sample (5.7 in the dual-earner sample), Panel A 13 We exclude persons younger than age 20, men older than age 64, women older than age 61, and 20-to-23 year olds enrolled full-time in higher education. The different age restrictions by gender approximately reflect the different ages at which men and women are eligible to receive pensions in Australia. 14 Observations missing data on our explanatory variables are also dropped. The variables most likely to be missing data are non-labor and gift income. Paid work time is missing for a small number of observations and is top-coded at 80 hours for men and 65 hours for women, approximately the top decile in each case. 15 This question is answered to the nearest minute in all HILDA waves except the first; in 2001, it is answered to the nearest hour. In our models, any difference in the average measured quantity of housework caused by this change in granularity across reporting years is captured by year dummies. 16 Our results are robust to excluding all 2001 observations. 8 shows that the distribution for both samples is skewed towards shorter durations. In part this is attributable to the addition of a new random sample of households in 2011 that could be interviewed at most four times; in part it also reflects the fact that couples can form and dissolve at any time during the survey period.
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Panel B of Table 1 shows within-couple means for the key variables in our analysis: housework time, paid labor time, and the two types of labor market events. These are presented for the household as a whole as well as for each partner separately. Here we see that total household time spent on housework is about 9% (or 2 hours) lower for dual-earner couples, while total time spent on paid labor is about 22% (or 14 hours) higher, compared to the corresponding figures in the full sample. This is initial evidence that there is not a one-for-one trade-off between paid and unpaid labor for these populations. Not surprisingly, terminations are less frequent than promotions, and the latter are more common amongst dual-earner couples, particularly for women. Gender differences are as expected, with men reporting substantially less time on housework and substantially more time in paid labor compared to women. The average numbers of promotions and terminations are quite similar across gender, particularly for dual-earner households. Finally, Panel C of Table 1 A concern often raised regarding the use of survey data on housework time is its accuracy. Time-diary data are generally held to be more accurate than survey data (Robinson 1985) , but time-diary data are not readily available in panel form, either in Australia or in any other country. To gauge the reliability of the survey measures reported in HILDA, we calculated the average time spent on housework (specifically cooking, cleaning, laundry, ironing, and dishwashing) for a similar sample of couples from the 2006 Australian Time Use Survey. Converted to weekly figures, these time diary data indicate mean housework time to be 21.6 hours at the household level, 4.6 hours for men, and 17.0 hours for women; the comparable figures in our data are 22.7, 6.0, and 16.6 hours, respectively. While men in our HILDA sample may be overstating their housework time (and in fact there is evidence that women provide more accurate survey responses (Lee and Waite 2005) ), these time-diary measures suggest that the HILDA data on housework time are on average quite reasonable.
A common explanation for the gender gap in housework time points to the gender gap in paid labor time. We illustrate in Figure 1 the relation between the male-female paid labor time gap and the female-male housework time gap. Each point represents the average of the gaps observed for a single couple across all years of observation.
The majority of observations in Figure 1 fall in quadrant 1, where men have more paid labor hours and fewer housework hours than women. While there is a distinct positive relation suggesting a trade-off between hours of paid work and hours of unpaid work, in practice that trade-off (illustrated by the red line) is clearly less than one-for-one (depicted by the 45-degree line, shown in blue). Each additional hour that she works relative to him is accompanied by a reduction in her housework time relative to his by only about a quarter of an hour, implying that a portion of the housework time gap between the genders remains even as the paid work time gap falls. In addition, as illustrated by the y-intercept of the red line, women contribute more time to housework (6.5 hours more on average) than men do even when working the same number of hours for pay. Most of the data falls below the 45-degree line. If these were the only two productive activities that adults engaged in, this would imply that on average men in Australia spend more time in productive labor, broadly defined, than women.
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However, with childcare unaccounted for in the figure, this conclusion would be premature, as prior findings 19 Burda et al. (2013) provides evidence that in rich, non-Catholic countries, men's and women's productive work hours are approximately equal. 11 using Australian data indicate that women perform significantly more childcare than men (Kalenkoski and Foster 2008 ).
As noted above, a key focus of prior literature has been on the relation between hourly earnings and housework time allocations. Focusing on the sample of couples who both report hourly earnings, we compare the relationship between the gap in housework time and both the gap in paid work time and the gap in wages. While the slope of the relation between the two hours measures remains virtually identical to that shown in Figure 1 (0.24 compared to 0.25), the slope of the relation between the wage gap and the housework time gap while significant is small (0.076). Given that the standard deviation of the male-female paid work time measure (14.31) is almost identical to the standard deviation of the male-female hourly wage measure (14.50), these results indicate that the relationship between hours of paid work and housework hours is stronger than that between wages and housework hours, presumably due to the time-scarcity constraint faced by every individual.
We examine further the relation between his and her paid labor and housework time gaps in Table 2 . At the top of the first column of Table 2 we replicate the slope coefficient shown in Figure 1 , and then, moving down the column, we show what happens to that coefficient estimate in different estimation scenarios. We first weight the observations by frequency of observation, which makes little difference. We then add covariates, which causes the coefficient to drop to 0.21. Next, we experiment with what would happen if we used the labor market events described earlier to instrument for the couple's paid work time gap. As shown in the row labelled "OLS IV", this results in a slope coefficient of about 0.32. Adding fixed effects to the basic OLS specification reduces the coefficient estimate by about 25%, and instrumenting for the paid labor time gap in that FE specification, again using labor market events, results in a coefficient of about 0.18.
Notably, while the first-stage results of these IV specifications indicate that labor market events are strong instruments for paid work hours (see the partial F-statistics reported in Column 3 of Table 2 ), Column 4 shows that in both OLS and FE specifications we soundly reject the null hypothesis that the labor market events themselves should not appear in the second-stage equation, using the standard Sargan-Hansen test. This implies that some aspect of these labor market events, over and above their association with changes in paid work hours, influences couples' housework time allocations. We interpret this aspect as a shift in relative economic power within the couple. Table 1 . Asterisks indicate statistical significance: *** 1%, ** 5%, * 10%. The asterisks for column 1 denote the level of significance for a 2 tailed test against a null of zero. The indicated level of significance using a null of one is identical. IV results instrument for his-her paid work time using information on his and her promotions and terminations Yet, viewing labor market events as a direct determinant of housework time, and including them in a housework time equation, hinges on the assumption that these events are not themselves endogenously caused by changes in housework time. It is feasible that people who are gunning for a promotion may spend less time on housework in the lead-up to that promotion. To investigate this possibility, we estimate models of labor market events as a function of prior changes in housework time. Specifically, we examine whether events occurring between year t and year t+1 are a function of changing housework time between year t-1 and year t, and whether events occurring between 6 and 12 months ago are a function of changing housework time between 24 and 12 months ago, controlling for other changes that might cause changes in housework time, such as household composition. 20 Results (see Appendix Table A) indicate that past changes in housework time are not predictive of future labor market events, with the possible exception that women in dual-earner households who increase their housework time are more likely to be terminated at some point in the subsequent year. 
Nonparametric simple difference and difference-in-difference results
Panel A of Table 3 shows simple tabulations for our full sample that exploit the panel nature of our data to illustrate how total household housework time and paid labor time, as well as men's and women's individual housework time and paid labor time, change on average in the year following gender-specific employment events. We can see that for both men and women, promotion is associated with more paid work by the household, while termination is associated with less. In addition, there are significant compensatory differences in household housework hours with all labor market events except men's promotion. These changes are not, however, equally shared within the household. The partner who directly experiences the labor market event adjusts his/her time the most. 22 Women's labor market events have the largest and most significant effects on housework time. Their partners generally act to compensate (such that when her housework time rises/falls, his falls/rises) but these cross-effects are of a smaller magnitude. 23 These findings support an analysis of individual time use rather than of the gender gap in time use.
In Panel B of Table 3 , we perform a difference-in-difference analysis comparing these changes in time use to those observed in households in which neither partner experienced a labor market event. Results are similar if 20 Note that our fixed-effects specification already accommodates, via those fixed effects, individuals who consistently spend less time on housework in order to increase their chances of promotion. 21 As more than twenty equations are estimated, it is not unexpected to find one coefficient significant at the 5% level. 22 The finding of increases in housework time for those who are terminated is broadly consistent with the findings of Krueger and Mueller (2012) and Burda and Hamermesh (2010) that unemployment is associated with more time being allocated to housework. 23 That his housework time rises less than hers following a termination is in line with findings by Gough and Killewald (2011) . 13 the comparison is to households in which the particular partner did not experience a labor market event, but somewhat cleaner with this more restrictive comparison group since the possibility that one partner has changed jobs to accommodate a move by the other partner has been ruled out. This difference-in-difference analysis yields a similar pattern to that observed in the simple tabulations, though partners' responses are generally weaker and less significant.
When the sample is restricted to dual-earner couples (see Appendix Table B ) the changes in paid work time are similar, but of a smaller magnitude, while housework time only changes significantly for women who are promoted. Total housework time in dual-earner households does not adjust significantly in response to anyone's labor market events.
In sum, two findings stand out. First, own paid work time clearly changes with labor market events. Thus, household time use must adjust to compensate, and each member of the couple may adjust to a different degree. Second, housework time appears more responsive to labor market events in households where one spouse is currently not generating labor income. This responsiveness may arise because these households possess the mechanical capacity to adjust or, in the language of our model, they may have more excess time available to take away from or devote towards housework. Alternatively, it may be that compared to more 'traditional' couples, dual-earner couples are already using more housework outsourcing services, and hence may be constrained in their ability to hire even more such services (e.g., because housework activities are difficult to outsource beyond a certain number of hours per week unless one has a live-in maid). Dual-earner couples must then manage the changes in paid work time that accompany significant labor market events by sacrificing time devoted to other activities, rather than through adjustments to their personal housework hours. We also find statistical evidence that labor market events are associated with changes in housework time over and above their impact on paid labor time, suggesting that these events may provide new information that changes bargaining power within the household. 
Fixed-effects regression results
In order to control for other changes in the household over the past year that might influence housework time allocation, we now estimate fixed effects models of total, his, and her housework time as a function of the labor market event variables. 24 In addition to couple-specific fixed effects, we control for a range of household structure variables (number and ages of household members); indicators for the presence of disabled people in the home, for partners engaged full-time in school, urbanicity (non-urban (base category), major city, and other urban), and type of home (apartment (base category), house, or townhouse); reported non-labor income (the sum of interest, dividend, and royalty income) and gifts (the sum of inheritances, gifts and other irregular income) received by each partner; as well as year and state of residence dummies. Table 4A shows the results for the full sample and Table 4B for the dual-earner sample. The full set of parameter estimates (less the state and year effects) is reported in Appendix C for Table 4A and in Appendix D for Table 4B . Columns 1 and 2 of each table model total housework time, columns 3 and 4 his housework time, and columns 5 and 6 her housework time. The even-numbered columns differ from the odd-numbered columns in that we add to the latter specifications controls for the paid work hours of each partner. Panel A of each table shows the results under the assumption that labor market events have only a short-run effect; Panel B accommodates a longer-run impact.
The results reported in Panel A not controlling for paid work time (columns 1, 3, and 5) are much like those obtained in the simple difference-in-difference analysis. In the full sample, those who are promoted (terminated) subsequently perform less (more) unpaid work; in the dual-earner sample, the effects are in the anticipated direction but not significant. The only significant cross-partner effect is that her promotions increase his reported time spent on housework for both samples.
As changes in paid work time may be endogenously determined with changes in housework hours even in this fixed effects specification, the coefficient estimates in columns 2, 4, and 6 should be interpreted with caution.
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That said, the controls for paid work time are highly statistically significant, pointing to the importance of the mechanical time constraint, but with a trade-off that is substantially less than one-for-one. Were we to take our results for the full sample at face value, for each additional hour he spends in paid employment, he spends about four minutes less on housework; for each additional hour she spends in paid employment, she spends about nine and one-half minutes less on housework. Dual-earner couples also adjust their own housework time, but about 20-25% less. A natural inference is that time spent on other activities accommodates most of the change in paid work time, particularly for dual-earner couples. Furthermore, the results indicate that while total housework time does decline as paid work time rises, partners compensate for much of the mechanical change in housework time -men making up about 28% of their partner's and women making up about 60% of their partner's paid-time-induced change in housework time. Overall these results support our supposition that households have some relatively fixed need for housework that adjusts only in part to changes in paid work time, and that dual-earner households appear to adjust less than non-dual-earner households. Once again, however, endogeneity concerns imply the need to be cautious of these interpretations. 24 The household effect is literally the sum of his effect and her effect. 25 An instrumental variables strategy could be used to control for the possible endogeneity of labor market hours in determining housework time, but as in many complex empirical settings, it is difficult if not impossible to identify appropriate instruments. We are not aware of any policy changes that could be used and, as illustrated earlier, the labor market events themselves do not satisfy the necessary conditions either. Asterisks indicate significance using a 2-tailed test: *** 1%, ** 5%, * 10%.
The estimated effect of labor market events generally diminishes substantially when controlling for paid work time. The effect of his promotions on his housework time is an exception in that the magnitude changes little in either sample and still has a significant negative association with his housework time in the full sample. The effect of terminations either falls to zero or changes sign in the full sample and loses all statistical significance. The effect of her promotion declines by between 50 and 60%, but remains significant for both partners in the full sample. Her promotions are still associated with more housework time for men in the dual-earner sample, but otherwise there is no significant association between housework time and labor market events for dualearner households when we include paid work time controls. 26 In general, the results in Panel A suggest that dual-earner households adjust housework time less in response to labor market factors than do non-dual-earner households, perhaps (as discussed earlier) because less of their observed housework time is excess to requirements and/or because they are already outsourcing more tasks than non-dual-earner couples.
As noted above, if these labor market events do provide new information that alters the intra-household balance of power, then they should have not just short-run, but long-run effects on housework time. To accommodate this possibility, we report in Panel B of Tables 4A and 4B the results of a specification including a suite of four additional variables. These additional variables capture the cumulative number of times that each partner has been promoted or terminated, respectively. Key assumptions underlying this specification are that each event provides new information and each has a fixed linear effect on housework time; all that matters is the incremental number of promotions or terminations observed since the start of the observation window, not the total ever experienced. The baseline once-off effects are also estimated in these models, meaning that interpreting how housework time adjusts to successive labor market events requires carefully adding up the estimated coefficients on all relevant variables.
With these caveats in mind, we can report based on Panel B of Table 4A and its analogue for our dual-earner sample, Panel B of Table 4B , that the labor market events of each partner have effects on housework time that linger and accumulate over time. As labor market events of a particular sort accumulate to oneself or to one's partner, we estimate that an individual typically scales up or down his or her housework even more in the direction of specialization indicated by the event.
27 For example, when she is terminated for the first time in our window of observation, he reduces his housework time the next year by almost half an hour; if she is terminated a second time, he reduces his housework time the next year by a further 0.4 of an hour (for a total reduction, compared to her having had no significant labor market event, of 0.9 of an hour). For both men and women in our full samples, most of these once-off and cumulative effects on housework time are significant without controlling for paid work time. Adding such controls leaves only the positive effects of her promotion on his and her housework time, both the first and the second time she is promoted, statistically significant. Even controlling for paid work time, hence, her being promoted once and then again is associated with successive reductions in her housework time and successive, though not fully compensatory, increases in his. In our dualearner sample, only the effect of her promotion on his housework time is statistically significant (and then only marginally, with a p-value of 0.07) when we control for paid work hours.
In sum, that her housework time decreases when she is promoted can be attributed primarily, but not wholly, to changes in her paid work hours. While observing again an apparent constraint in dual-earner households whereby housework time does not adjust as easily as in our full sample, we conclude for both samples that female promotion is the key labor market event associated with a reallocation of housework time. Much of this reallocation can be attributed to mechanical time constraints, but some appears to reflect increased bargaining power. 28 29 In relation to practical significance, and reading from the effects of female promotion on male housework time shown in Columns 3 and 4 of Table 4B (using our dual-earner sample), an instance of female promotion is estimated to increase his housework time allocation by between 10 and 12 minutes in the short run. Evaluated at the sample average, this represents an increase of approximately 3 percent. For women in the dual-earner sample, a promotion reduces housework time by between 10 and 19 minutes, or 1 to 2 percent. By comparison, in our full sample, a woman's housework time allocation is estimated to fall in the short run by between 28 and 62 minutes, or 3 to 6 percent, when she is promoted whereas a man's housework time increases by 13 to 22 minutes or 3.5 to 6 percent. The absolute magnitudes are clearly larger in the full sample; the relative magnitudes are also somewhat larger.
Amongst the other covariates included in these fixed-effects regressions, it is household characteristics that have the most significant associations with housework time. The presence of children, particularly young children, increases reported housework time for both men and women in both samples, but substantially more for women (3.5 versus 0.75 hours after controlling for paid work time), as has been reported elsewhere in the literature (for example, Baxter, Hewitt, and Haynes 2008). Compared to de facto couples, married couples spend more time on housework, in both samples, and this effect is entirely driven by married women doing more housework than their de facto counterparts. Married women do significantly more and married men significantly less housework than de facto partners -i.e., there is more specialization according to traditional gender roles in marriages than in de facto partnerships -even controlling for paid work hours. This result could be power-related, as it is on average more expensive to dissolve a marriage than to dissolve a co-habitation, and if women are on average the less powerful party in relationships, terminating the relationship may be a more credible threat for women in de facto relationships than for those in marriages. However, it could equally be that marriage indicates a deeper investment in the other person on the part of both partners, and this investment comes with higher returns to specialization holding the characteristics of the present partner constant -in line with the argument of Becker (1985) . 
Outsourcing
As suggested above, households may produce the housework they need either in-house or by outsourcing. To the extent that households respond to promotions not by adjusting time use within the household, but by 28 We also estimated alternative specifications to accommodate longer-term effects. The most flexible of these included a separate dummy for each event for each year since it occurred. This specification included twelve dummy variables for each event, as the most distant event was twelve years in the past. In these specifications, female promotion continued to have the most consistent effect. Her recent promotion was associated with significantly more housework time by her partner in both the full and the dual-earner sample, with some evidence that the impact diminished over time. Evidence that female promotion reduced her housework time was observed only in the full sample and only for recent events. Male promotion was associated with a shortrun reduction in his housework time in the full sample and a somewhat delayed increase in her housework time in both the full and the dual-earner samples. In recognition that these labor market events may be more informative to more recently formed couples, we also estimated models incorporating an effect that diminishes at the rate 1/t with the length of the relationship (t). The only significant effect is that in the full sample, men reduce their housework time more when she is terminated early in the relationship as compared to later. 29 We conducted sensitivity tests on our main results by including both earnings and labor market events simultaneously. This is possible only for a subset of the dual-earner sample. The results of these tests indicate that earnings are not statistically significant unless controls for paid work hours are included. In that case, own earnings are significantly negatively related to own housework time, and his earnings are significantly positively related to her housework time. The associations between housework time and labor market events are less significant when including these controls, suggesting that labor market events are proxying for changes in earnings power, in line with our hypothesis. 30 That we find housework time is significantly lower for cohabiting but not married men after he is promoted or she is fired provides some evidence that married couples are more invested in or better informed about their relationship and less likely to respond to labor market events. outsourcing more, our estimates will understate the impact promotions have on household behavior. Data on the outsourcing of household chores is available only incompletely and intermittently in the HILDA survey. Individuals are asked in 2005, 2008 , and 2011 if they 'regularly pay someone to do housework'. Information on household expenditures on meals eaten out (not including alcohol) is available in every year except 2002, but these data are not all comparable: respondents are sometimes asked about the household's monthly expenditures, and sometimes about weekly expenditures, furthermore data are sometimes collected during the personal interviews and sometimes from the self-reported questionnaires. The measure that is most consistently available (from 2006 through 2014) comes from the self-reported questionnaires and enquires about weekly expenditures. No information is provided regarding the use of laundry services or ready-to-eat meals. Most of these data are also reported separately by each partner, creating additional discrepancies. While these data are not sufficient to produce incontestable results, we report some information about outsourcing, employment, and labor market events in Table 5 . Panel A provides some simple comparisons; Panel B shows the results of some couple-specific fixed-effects models of expenditures on meals eaten out.
First, there is more outsourcing when both partners are in paid labor than when this is not the case. So, for example, the probability with which both partners report having maid service is more than twice as high (12% versus 5.3%) and expenditures on eating out (converted to 2014 Australian dollars 31 ) are about $16-18 higher per week (30-35% greater) in dual-earner as compared to other households. As dual-earner households likely have more income, and restaurant meals and maid service are normal goods, this result is not unexpected. However, this evidence provides some basic support for the possibility raised above that dual-earner households adjust their housework time less in response to paid labor time because they are already outsourcing more and there are limits on how much housework can be outsourced. Asterisks indicate significance using a 2-tailed test: *** 1%, ** 5%, * 10%.
Second, there is some evidence in Panel B that expenditures on eating out are influenced by labor market events. 32 Using only the consistent 2006+ data on weekly expenditures, we estimate couple-specific fixed effects models using the same set of covariates included in the housework time equations for both his and her reports of expenditures. The results reported in Table 5 are from specifications that allow only for once-off effects. These results consistently indicate that expenditures on eating out drop when his job is terminated, significantly so in 4 of 8 specifications. In models allowing for longer-term effects, the differential is significant in 7 of 8 specifications. The only other consistent result arising from these models is that expenditures on eating out rise when she is promoted. This effect is consistent with the negative association we find in earlier models between her promotions and her housework time, although it is only significant when we use her expenditure reports, and it appears short-lived.
Heterogeneous responses to labor market events
Rigidity in beliefs about how people of different genders should spend their time may determine in part the way in which labor market events impact intra-household bargaining decisions, by acting as an invisible constraint on the flexibility of intra-household housework time allocations. Previous researchers have generally found a significant association between housework time and these sorts of gender attitudes, particularly women's attitudes (Greenstein 1996 and 2000; Cunningham 2008; Baxter and Hewitt 2013) . To explore the evidence for this in our data, we create a couple-level indicator for innate flexibility around housework time allocations, based on the views of the partners in regard to the proper role of women in the household. In four of the HILDA waves (2001, 2005, 2008, and 2011) , respondents were asked to what extent they agreed with the statement, "It is better for everyone involved if the man earns the money and the woman takes care of the home and children." Coded on a 7-point scale where 1 is strongly disagree and 7 is strongly agree, this question reveals gender-role attitudes. Responses on the lower end of the scale suggest relatively liberal gender role attitudes; responses on the higher end of the scale suggest more conservative views and identify households that may exhibit more rigidity in the allocation of housework time across partners.
We find that these attitudes are highly correlated with the education level of the couple. Comparing the genderrelated attitudes of couples in which each partner has a bachelor's degree or more with those of couples in which both are less educated -specifically, in which he has a trade degree or less and she has a high school degree or less -we find that 40% of the more-educated partners share more liberal attitudes (response values 1 and 2 on the above question) as compared with only 18% of the less-educated partners. Similarly, while 34% of the less educated more or less agree (responses 4 to 7) that women belong in the home, this is true of only 14% of the more educated. Thus, we infer that individuals in less-educated households are likely to respond differently to labor market events than individuals in more-educated households, due to the inertia created by their more conservative views about gender roles. In support of this conjecture, we find that the men in less-educated households perform almost an hour less, while the women perform about 2.4 hours more, housework than their counterparts in other households.
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To examine this conjecture, we repeat our analysis interacting the labor market event measures with dummy variables identifying the education level of the household. As no significant differences were observed between the responses of more-educated households and the mixed-education households that formed our comparison group, we report estimates from models that only identify group-specific effects for the less educated households. Results for our full sample are reported in Table 6 using specifications that include controls for labor market hours. 33 Aguiar and Hurst (2007) and Grossbard-Shechtman and Amuedo-Dorantes (2007) also find gender differences in behavior by education level. Aguiar and Hurst, using US time-diary data from 2003 find that men with less than a high school education spend 12.9 hours per week on housework, as compared to 13.7 hours for those with a college degree -a difference of 0.8 hours. Women with less than a college degree report spending 26.2 hours per week on housework, as compared to 20.8 hours for women with a college degree -a difference of 5.4 hours. Differences by education level in the levels and impact of unpaid labor time have been conjectured by prior authors (e.g., Grossbard-Shechtman and Amuedo-Dorantes 2007 and Gimenez-Nadal and Sevilla 2016) to result from differences in preferences or ideology for people of different education levels. For example, Grossbard-Shechtman and Amuedo-Dorantes (2007) report that while a higher male-to-female sex ratio gives women more power to reduce their labor supply, that impact is attenuated for less-educated married women. The authors conjecture that this is because less-educated couples prefer a more gendered division of labor, all else equal. All specifications include controls for his and her hours of paid labor, year and state dummies, and all the covariates listed in Panel C of Table 1 . Standard errors in parentheses. Asterisks indicate significance using a 2-tailed test: *** 1%, ** 5%, * 10%.
We find that less-educated men with less-educated wives -i.e., men in couples that on average have more conservative views about gender roles -but not other men reduce their housework time significantly upon being promoted. We interpret this as strong evidence that the behavior of men in less-educated households drives the result in our full sample that promoted men subsequently do less housework. Furthermore, in these lesseducated households, men report no change (point estimates are negative) in housework hours when they are terminated, while their partners' housework time rises, especially in the near term -results that are of the opposite sign to those observed in other households. 34 However, we also find that women in these households reduce their housework hours more (about half an hour more) than women in other households when they themselves are promoted, while it is only men in the less-conservative households who significantly increase their housework hours in response to their partners' promotions. We conclude that women in less-educated households are those who have the most excess in their housework time allocations, 35 that their partners do not respond to their wives' labor market successes by doing more housework, and also that they and their partners appear to respond to the stress of a man's first-time termination by 'doing gender' (i.e., by her performing more housework and him less).
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Results from the dual-earner sample are broadly similar. The effects of his and her promotions are comparable to those estimated for the full sample, but are only marginally statistically significant. The effect of his termination, however, is actually accentuated. Both the decrease in his housework time and the increase in hers in less-educated households in which he is terminated are statistically significant.
Other characteristics that might be associated with beliefs regarding the role of women in the household include age and immigrant status. Yet, we find that neither age nor immigrant status is as strongly correlated with gender attitudes as education level. Interactions between age (defined to identify couples in which both partners were born before 1960) and our indicators of labor market events yield similar results to those observed when we interact education and labor market event indicators, though both parties' responses to her promotion (men increasing their housework time and women decreasing theirs) are more statistically significant in younger couples. There is also some evidence that amongst less-educated couples, younger women increase their housework time less than older women when their partners are promoted. This is consistent with the conjecture that women may have more power to draw upon in intra-household bargaining when they are young than when they are old. Interactions between immigrant status (defined to identify couples in which at least one partner was not born in Australia) and labor market event indicators suggest that immigrant households are more likely than non-immigrant households to respond to her promotions by increasing his housework time and reducing her housework time, and less likely to respond to his promotions by decreasing his housework time -a response pattern that favors the female partner.
Robustness and sensitivity tests
We estimated a variety of alternative specifications to ensure that the results reported here are not spurious. In particular, we constructed an alternative measure of promotions/job changes to address the possibility that an individual would change jobs not because the new job was 'better' but because s/he was moving to follow his/her partner. Specifically, we excluded job changes that occurred in the same year that a partner was 34 That men's terminations might, particularly for less-educated samples, be associated with a reduction in men's and an increase in women's housework time could be a consequence of an injury or sickness that negatively influences both his ability to work for pay and his ability to work in the home. However, we find no evidence that either the negative association between men's terminations and men's housework time, or the positive association between men's terminations and women's housework time, is driven by long-term health shocks. 35 Our findings are consistent with those of Killewald and Gough (2010) who find that low-earning women change their housework hours more than others. They hypothesize that such women initially spend more time on housework and find it easier and cheaper to outsource or forego housework than women earning higher wages, who have already made the easy adjustments. 36 Notably, even when we control for earnings, men in less-educated households still reduce their housework time following either a promotion or a termination.
promoted and the couple moved more than 100 kilometers. Our results are robust to this modification. In addition, we considered a somewhat more inclusive dual-earner sample, including households in which individuals may not be currently employed but were recently (defined as within the last six months) terminated, are classified as actively seeking employment at the time of the survey, and are employed in the following survey year. The concern here is that by defining dual-earner couples only based on current employment status, we could be missing some observations on couples who are only in a temporary sense not dual earners. Again, the results are robust to this alternative measure, with the effect of terminations being slightly magnified in the modified dual-earner sample.
We have in the text of the paper presented the results of specifications that allow labor market events to have a one-time effect as well as specifications that allow both a one-time effect and a persistent, or cumulative, effect. As implemented, the latter models assume that each event provides equally important new information regarding economic power, but we considered some alternative non-linear models as well. One such model includes both a one-time shock and a lagged effect. To estimate such a model we must drop one observation per couple/spell, and hence lose a substantial number of observations. Results suggest that her promotions are associated with a reduction in her housework time and an increase in his, but that the effect of these events on his time spent on housework wears off after approximately two years. We also estimated models that accommodate both a one-time effect and a persistent effect that levels out after two (or three) events. The latter model essentially assumes that while the first labor market event may be attributable to luck, subsequent events of the same type constitute a simple (non-cumulative) signal regarding an individual's labor market opportunities. The cumulative model presented in the text seems to provide a better fit to the data than these alternative models, although this could be due to mismeasurement in our persistence measure: we only observe labor market events that occur within the time frame of the survey (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , and not those that may have occurred earlier, so our measure of the number of each type of event is imperfect.
Discussion
We explore the impact that significant labor market events, specifically promotions and terminations, have upon the total and intra-household allocation of housework time in Australian households. We look for evidence of the mechanisms that could explain such an impact. One is mechanical: job promotions are on average associated with an increase in paid work hours, while terminations are associated with a decrease in paid work hours. More time spent in one activity must necessarily reduce time spent in another. At the same time, labor market events may alter the intra-household balance of power. Assuming housework is a necessary but not desirable activity, individuals who experience positive labor market events may push their partners to take on a greater share of housework responsibilities, independent of any changes driven by changes in their paid work time. Individuals may also opt to outsource more or less housework, or alter the 'excess' time they spend on housework activities, in order to accommodate changes in either paid work time and/or the intra-household balance of power. These responses may furthermore be heterogeneous depending upon household beliefs regarding appropriate gender roles.
Our analysis of these questions proceeds using panel data on couples from the Australian HILDA survey. Our results indicate that at the household level, housework time is not very sensitive to labor market events, particularly when controlling for time in paid work, suggesting that couples fairly accurately assess one another's labor market opportunities ex ante and adjust little ex post. Increased time in paid work is associated with less housework time, but the trade-off is significantly less than one-for-one and partners make up for some of the difference, supporting our supposition that there is some basic level of housework that households need to provide. At the individual level, her promotions elicit the most significant and consistent changes in housework time, with promoted women spending less time on housework and their partners spending more. These effects are significant even after controlling for paid work time and persist at least somewhat even when the sample is restricted to dual-earner couples who, in general, adjust their housework time less following labor market events. That dual-earner couples adjust their housework time less than other couples following labor market events may be because they have less 'excess' housework time to play with, and/or because they already outsource those housework activities that are easiest to outsource. We present some evidence that dual-earner households are more likely to have maid service and spend more on eating out, in partial support of the outsourcing explanation.
We also find some evidence that less-educated households, who on average have less liberal attitudes regarding gender roles and whose baseline female-male differential in housework time allocation is larger than that observed in more-educated households, also react differently to labor market events than the rest of the population. Men in less-educated households respond less and women respond more to women's promotions, suggesting that there may be more 'excess' housework time in these households but also that the sharing of housework tasks across genders in such households is tempered by their more traditional gender role attitudes. In support of the gender-role-related explanation, promoted men in less-educated households tend to reduce their time on housework more, and their women increase their housework time more, than is the case in other households in which men are promoted. Furthermore, when men in less-educated households are terminated, they reduce while their partners increase their housework time, whereas in other households the effects point in the opposite direction. In sum, these reactions suggest that less-educated couples may respond to changes in his paid work commitments by 'doing gender' to demonstrate their support for the stereotypical male breadwinner. The effects of his termination are even stronger in the less-educated, dual-earner sample.
In conclusion, we employ a couple-specific fixed-effects estimator to investigate whether and how couples modify intra-household time allocations to routine housework tasks in response to such significant labor market events as promotion and termination. This approach has conceptual advantages over the more standard earnings analysis. The fixed-effects specification also washes out all gender and couple-specific, time-invariant factors that may bias cross-sectional estimates. Our results indicate that female promotion in particular leads to changes in housework time that are consistent with the hypothesis that intra-household economic power plays a role in decisions about the allocation of time to housework, even controlling for paid work time. Thus, female promotions appear to yield new information that can cause couples to update their priors regarding economic power. However, we also find evidence that conservative gender role attitudes moderate that response, and may cause households to respond in even more gendered ways to labor market signals. Asterisks indicate significance using a 2-tailed test: *** 1%, ** 5%, * 10%.
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